we show that simply changing the noise amplitude in the model we obtain similar power spectra to those corresponding to GISP2 δ 18 O (Greenland Ice Sheet Project 2) during the last ice age. These results give a general dynamical framework which allows us to interpret the main characteristic of paleoclimate records from the last 100,000 years.
show prominent temperature variations during the last ice age associated with transitions between cold stadials and warm interstadials, the so-called Dansgaard-Oeschger events. The recurrence time between these events varied considerably, ranging from ∼ 1 to 12 kyr during the last 90 kyr (Bond et al. (1999) ). The variability of the pacing was greatly reduced between 25 and 60 kyr B.P.(Before Present), when the spacing between the warming events was ∼ 1 − 5 kyr. In the GISP2 data, the 25 interval 12 − 50 kyr B.P. shows an apparently significant spectral component corresponding to a period of about 1470 years (Schulz (2002) ). Recently (Braun et al. (2005) ) it has been proposed that the De Vries/Suess and Gleissberg cycles with periods close to 1470/7 (∼ 210) and 1470/17 (∼ 86.5) year could be responsible of these variations. This hypothesis was tested by forcing a coupled climate system model CLIMBER-2 (version 3) with oscillations of 210 and 87 years cycles in the 30 influx of fresh water into the Northern-Atlantic and reanalyzed in a nonlinear simple conceptual model (Braun et al. (2007 (Braun et al. ( , 2008 ) driven by two sinusoidal tones with the mentioned frequencies.
The success of these results, however, were restricted to DO events during the interval 12 − 50 kyr B.P. where they show to be often spaced by 1470 years.
A global perspective of the climate records from the North Atlantic region for the last ice age 35 suggest that temperature variations are the result of the switching between two stable states (a warm and a cold one) with different dynamical regimes, being the quasi-periodicity of about 1470 years during the interval 12 − 50 kyr B.P one of those dynamical regimes. The hypothesis underlying this work is that the existence of a driving force composed by the near DeVries/Suess and Gleissberg cycles plus a Gaussian noise rule the transitions between both states. If so, this simple scheme 40 should explain the temperature variations in the whole ice age and the effects of the solar forcing should be noticeable also during the Holocene when DO events were absent.
To test this hypothesis we propose a new conceptual model based on the key assumptions of the CLIMBER-2 and the information obtained after having analyzed two climate records, the GISP2 δ 18 O and 14 C measurements from tree rings. These records are used as proxies for temperature and 45 solar activity respectively.
We will show that the model is able to reproduce the main features of Fourier spectra of the different stages of Greenland temperature variations and also lets to a plausible explanation of the frequency spectra obtained from the 14 C record. We performed a Fourier spectra analysis for both records. Figure 1 shows the experimental signals (panels (a) and (c)) and their frequency spectrums (panels (b) and (d)). In both analysis we have added around 5N zeros and used the Hanning function in order to have a better resolution and improving the results.
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We have labeled the 23 th and 13 th most prominent peaks of the 14 C and the GISP2 δ 18 O Fourier spectra. These peaks are those which amplitudes are greater than two standard deviation of the spectral amplitudes distribution.
A visual inspection of these figures give us the following results:
-The periods with greater amplitude in the Fourier transform of 14 C register are 2276, 948.3, 80 513.4, 351.9, 233.8,223.1, 209.4, 195.6, 149.7, 142.5, 135.7, 130.9, 87 .7 years. as the most important periods and will be taken as a reference for the simulation analysis.
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-Nine spectral peaks of δ 18 O record are close (within a 10% percentage error) to values found in the 14 C record. Seven of them (860 (3),566 (5),322 (7),225 (9),168 (10),133 (11) and 83 (12)) belong to the group of the mentioned important periods.
-We found the presence of 87.7, 209.4 and 2276 years periods than could be associated to the Gleissberg (∼ 88 years), De Vries/Suess (∼ 207 years) and Hallstatt (∼ 2300 years) cycles 90 (Sonett et al. (1990); Wagner et al. (2001) ; 1. The existence of two states, the cold and the warm one.
The states represent two different modes of operation of the thermohaline circulation (THC)
in the North Atlantic region; the modern and the glacial one.
3. The model is forced by a solar process with the frequencies of the De Vries/Suess and Gleissberg cycles (∼ 207 and ∼ 87 years respectively) and a stochastic component. 6. During the Holocene the periodic forcing is not able to produce transitions and the climate temperature remains in the warm state.
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For accomplishing these assumptions we will consider the dynamic of a system submitted to a periodic forcing (with the frequencies mentioned before) in a double well potential and a stochastic component representing all the degrees of freedom which are not explicitly taken into account.
Simulations with an ocean-atmosphere model suggest that the barrier generated by the potential decreases exponentially with a time constant of ∼ 1200 years if the system is in the cold state and
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∼ 800 years if it is in the warm state (Braun et al. (2007 (Braun et al. ( , 2008 ). The forcing will be composed of the two frequencies related to the De Vries/Suess and Gleissberg cycles. We take their relative amplitude and phase from the 14 C analysis. Finally, the stochastic component will be implemented as a Gaussian noise of zero mean value and amplitude D.
This model is represented in the following set of differential equations,
where
is a double well potential with a potential barrier following the dynamics of the y variable. f (t) = F.(cos(2πf 1 t + φ 1 ) + αsin(2πf 2 t + φ 2 ))) represents the solar forcing whose main parameters, amplitude F , frequencies f 1 and f 2 , phases φ 1 and φ 2 and α the relative amplitude of both tones, were taken from 14 C time series analysis . The term Dξ(t)
stands for a white noise of zero mean and amplitude D process and a is a scaling constant. In the We will consider that the system is in the warm state when the x variable oscillates around the +1 fixed point. On the contrary, when the x variable oscillates around the −1 fixed point we will 150 consider that our system is in the cold state.
This system was integrated following an Euler method (García-Ojalvo and Sancho (1999)) with a time step of h = a/10. In order to implement the overshooting of the threshold after every transition, the variable y is reseted to its initial value every time the system makes a transition from one stable state to the other.
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In this model, the variable x is an observable that represents the state of the climate system. For simplicity, we will assume that x represents the temperature (reflected in the δ 18 O register) and also Karlen and Kuylenstierna (1996) ). In particular in (Stuiver et al. (1997) ) the authors suggest that the overall agreement between the timing, estimated order of magnitude temperature change, and A key property in the response of these kinds of models when driven by a periodic forcing is that transitions between both stable states depends strongly on the relation between the forcing amplitude F , the barrier high (proportional to y(t)) and the noise amplitude D (Gammaitoni et al. (1998) ).
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However, the dynamical backbone that rules the transitions could be analyzed in absence of noise.
In 
Results

The Holocene
185
Our hypothesis is that the observed frequencies in the Holocene time series analysis (δ 18 O and 14 C )
are the result of the interaction between the forcing f (t) and the strong non-linearities of the climate system (represented by the potential in our model). As we have seen in the previous section, the 6 richest dynamical scenario takes place at the onset of transitions. In order to find when the dynamics of the model is close to the Holocene records, we place the system in the onset of the transitions and 190 minimize the distance between the main peaks of the simulations Fourier spectra and the spectral components of the seven main frequencies observed in the 14 C record. We use the same parameters value described in previous section and we use F = 0.2265.
The procedure was as follows: Given the specified set of parameters values, we performed an ensemble of N event = 100 simulations of ∼ 11000 years (a time interval similar to the experimental 195 data time interval). For each event, we obtained the Fourier spectra and calculated the root mean square (RMS) distance between the components that minimize this distance with the seven most important experimental frequencies components,
where (e 1 ,..,e N dim ) is the vector composed by the seventh experimental frequencies and (s
is the vector containing the spectral components that minimize the RMS for the j th event of the simulation. To find the best agreement between experimental data and simulations we varied the noise amplitude D in order to minimize this distance. In Fig.3 We can observe that others frequencies appear in the simulation's Fourier spectra together with the seven main frequencies. This is a consequence of the interplay between the forcing and the non-linearities present near the onset of transitions. Notoriously, these spectral components are also The second part of the GISP2 δ 18 O record has an original average time interval of ∼ 100 years.
After the interpolation the time interval let ∼ 22 years. The interpolated signal has N = 1729 data 245 points and we added 15271 zeros at the end of the data array. We have used the Hanning function for both Fourier spectra. In this part we obtained a group of four dominant spectral components:
(8500,4617,2992,1433) years.
The analyses of these records reveal that the dynamic of temperature during the last ice age is ruled by the transitions between the cold and the warm state. In order to understand this dynamic,
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we calculated the distance between a vector composed by the dominant spectral components and their amplitudes (for each part of GISP2 record) and those obtained from simulations following a procedure similar to the one sketched for the Holocene.
In Fig.4 The frequency spectra plotted in panel (d) corresponds to the event who minimize this distance. We can appreciate the notorious similarities between the experimental and the simulated spectra. It is important to notice that even though the dominant spectral component is ∼ 1,470 years, the dynamical regime of the model which better fit the experimental Fourier spectra does not corresponds 270 to the ghost stochastic regime (GSR). Simulations not shown in this manuscript reveal that in the GSR, the peak of 1,470 years in the frequency spectra is absolute dominant (low frequency spectral components are not present in the spectrum) and the dispersion among events is minimum.
In Table II (2003); Balenzuela and García-Ojalvo (2005) . This fact stresses the importance of this mechanism as responsible for the system's dynamic during this age.
These results let us think about the possibility to relate the first part of the GISP2 δ 18 O record as a regime characterized by a low noise amplitude and consequently to a low probability of transition between states. Moreover, we may think that the second part of the GISP2 δ 18 O record is charac-
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terized by a better fit between the forcing, the threshold and the noise amplitude. This means that the system is closer to (but not into) a near 1470 years resonance (Chialvo (2003) Since the volume of these ice sheets was considerably larger during glacial times that during the present Holocene, it appears to be quite plausible to assume that noise level was much larger during the last ice age than during the Holocene, as we observe in the simulations.
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Conclusions
In this work, we have developed a conceptual model based on the key assumptions of a more complex model, the CLIMBER-2 and inspired in the conceptual model analyzed in (Braun et al. (2007) ).
We have found that the interplay between the forcing function (a complex periodic signal composed with frequencies of the De Vries/Suess and Gleissberg cycles) and the nonlinearities of the potential
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give rise to a complex dynamical behavior in the onset of transitions whose spectral components has been reported in the analysis of δ 18 O and 14 C during the Holocene. This analysis gives a plausible explanation to the spectral components observed in Holocene's records which can not be associated to known solar cycles. The simplicity of the model, however, avoid an exact coincidence between
Fourier spectra of simulations and experimental data during the Holocene.
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We have also shown that simply by varying the noise amplitude in order to allow transitions from one stable state to the other, the model is able to reproduce the main features of Fourier spectra of temperature records during the last ice age. We have seen that, according to the performed simulations, the main spectral features of this stage corresponds to two different dynamical regimes and can be understood in terms of transitions between cold and warm states. When transitions take place, the 335 dominant spectral components in the dynamics of the system could be understood in terms of forcing's autocorrelation function, as we have seen in Table II Finally it is important to notice that, despite the GISP2 data shows an apparently significant spectral component of 1470 years (Schulz (2002) ) during the interval 12 − 50 kyr B.P., the best fitted 
Simulation (in years)
14 C (in years) GISP2 (first column). Periods found in the 14 C (second column) and δ 18 O (third column) registers that can be related to the simulation results. We highlight the periods described in other works (ZhiQiang et al. (2007) ; Sonett et al. (1990) ) and considered important in our analysis.
